INTRODUCTION
Advanced Travel Information Systems (ATIS) are generally seen as an important instrument to alleviate traffic congestion problems that exist almost all around the world. Either by providing up-to-date information about traffic conditions or directly by providing route guidance, the systems can assist car drivers in avoiding congested links of the road network and, in that way, contribute to a better distribution of traffic and, hence, a better use of existing road capacity. However, the massive use of especially in-vehicle navigation systems also appears to have detrimental effects. Typically, the systems guide users through the fastest route to their destination. In the Netherlands, for example, this has led to an increase of traffic that runs through built-up area where it causes nuisance for local inhabitants in terms of noise, air pollution and increased risk of traffic accidents. Whether or not triggered by this situation, providers of navigation systems and route planners have started to acknowledge that travelers' preferences involve a broader set of criteria than just travel time. New generations of the systems offer route alternatives, such as a most economic route or a most scenic route, allow users to enter their preferences for particular road types (i.e., higherlevel roads) and provide feedback in terms of environmental impacts of trips.
Little is known about what the likely impact of the new developments will be for route choice behaviour. There is a large body of literature on the use and influence of ATIS on travel behaviour. Chorus et al. (1) provide a comprehensive overview of this area. Theoretical studies on the potential of network effects of ATIS typically assume full compliance or some pre-defined rate of compliance. A second stream of research has considered compliance behavior from an empirical perspective. These studies have provided valuable insights in which factors affect travelers' propensity to follow advice and how big the influences of these factors are on compliance. A consistent finding is that experienced accuracy of information is a dominant factor in drivers' compliance behavior (2, 3, 4, 5, 6) . Compliance drops dramatically when wrong information is obtained. Travel time variability, experienced late arrivals, perceived switching costs and network familiarity are also found to play a role (1) .
Compliance behavior has predominantly been studied in the context of uncertainty about travel time and information quality. Travelers' do however not necessarily act only in their own interest. In situations where there is a discrepancy between what is best for the system (society) as a whole and what is best for the person individually, the traveler faces a social dilemma to the extent that he/she is aware of that discrepancy. Several studies have shown that individuals across various areas of travel choice are willing to take into account negative environmental or social consequences of their trips when such consequences are brought to their awareness (8, 9, 10, 11) . Pro-social behavior is apparent, for example, in willingness of individuals to participate in programs or accept policies that are aimed at promoting environmental friendly modes of travel (e.g., car pooling). In the area of route choice, awareness of conflicting interests tends to be enhanced by route planners and navigation systems that provide feedback on environmental consequences of travel choices. This means that trading-off social/system objectives against personal objectives increasingly becomes a factor in route choice behavior.
In this study we address car drivers' compliance with route advice and willingness to take social objectives into account under the rich information conditions new generations of travel information systems provide (in pre-trip or en-route stages). In particular we test the impact of specifications of the source of advice. Theoretical analysis conducted by Chorus et al. (7) indicates that, in decisions to comply with advice, a rational decision maker takes into account the objectives of the agency providing the advice and the extent to which advice takes into account specific preferences of the individual. Framing of information on 4 compliance behavior has received some attention in the literature. However, existing studies have focused on format dimensions of information, such as prescriptive (advice) versus descriptive information, predictive versus historic information and quantitative versus qualitative information (1) . An exception is Han et al. (12) . They considered the impact of the objective of the information provider on route choice. In a stated choice experiment, they varied the label of route advice in terms of objective of guidance such as welfare maximization, equal capacity use and user equity. They found an impact of the label. However, they were primarily interested in strategic behavior of drivers and, therefore, controlled compliance rates as background variable in the experiment as well. We hypothesize that compliance decreases when advice serves goals of traffic management (i.e., is focused on achieving optimal distribution of traffic) rather than the individual's own interests (e.g., the fastest route) and increases when it is personalized rather than generic. To test these hypotheses, we conduct a stated choice experiment where individuals indicate their route choice under particular advice conditions.
The remainder of this paper is structured as follows. First, in Section 2 we describe the design of the experiment. Then, in Sections 3 and 4 we discuss the sample and results of the experiment. In the last section we conclude the paper by discussing the major conclusions and directions for future research.
ROUTE CHOICE EXPERIMENT
The participants of the stated choice experiment are asked to choose between two imaginary routes. Using the stated choice experiment technique, the attributes of choice alternatives, source of advice as well as relevant context variables are varied based on an orthogonal design. The choice experiment mimics an information rich situation where a travel information system consistently shows several route alternatives and provides (quantitative) information about the attributes of alternatives, including impacts on the environment.
Advice conditions
As methods to regulate the future traffic flows, such as dynamic traffic management, are likely to use some sort of route advice to control the traffic situation, the compliance with the route advice from traffic management is a relevant topic. By adding an attribute for different types of advice in the stated choice experiment, the importance of a route advice can be measured and compared with the other route choice attributes. To tests our hypotheses, we varied the following route-advice conditions:
1. No advice 2. Traffic management, generic advice 3. Traffic management, personalized advice 4. Navigation system, generic advice 5. Navigation system, personalized advice Participants of the experiment are explained that traffic management is concerned with controlling traffic in a way that is optimal for the system (distributing traffic such that bottlenecks are prevented), whereas the navigation system only considers what is optimal for the user. On another dimension the advice differs in terms of the extent to which the agency is supposed to take specific preferences for routes of the user into account. In case the advice is generic, it does not, and in case it is personalized it does. As explained to respondents, generic advice means that the recommending agent (in-car navigation system or traffic manager) has no information about the specific preferences of the person under concern and, hence, uses average preferences of car drivers in terms of trading-off different objectives such as lowest costs, shortest time and most convenient in making route choices. The no-advice condition is the control condition. Each respondent is randomly allocated to either one of these experimental conditions. This set-up allows us to test the hypotheses that advice has bigger impact when the information system intends to serve the interests of the individual and considers his/her specific preferences.
The advice condition is implemented by randomly assigning a recommendation status to one of the two route alternatives in each presented choice-set. This allows us to measure the degree of compliance as an overall scale effect on the influence (utilities) of route attributes on choice: if respondents ignore the advice completely than attributes have the same influence as in case of no advice (scale equals one). On the other hand, if respondents always comply with the advice than the attributes have no influence on the choice (scale equals zero). If respondents only partly comply with advice then the scale will lie somewhere in between zero and one. The exact value of the scale provides a measure of the degree of compliance. In the experiment, the user does not get feedback on outcomes of choices. Such feedback is not considered relevant here, given that we are interested in users' response to the nature of different forms of advice rather than experienced quality of the advice.
Route attributes
The route attributes used in the experiment are the dimensions on which users receive information from an imaginary information system. The dimensions are chosen in such a way that they cover considerations that tend to play a role in route preferences, as revealed in earlier studies (13, 14, 15, 16, 17) , and can be displayed in an information system. Furthermore, the impact of a trip in terms of nuisance caused for the environment was included to test the extent to which individuals are willing to trade-off social objectives against individual-level objectives.
We assume that in addition to conventional quantitative attributes, such as travel time (minutes) and costs (Euros), also more qualitative attributes, like comfort and scenery, potentially play a role in route preferences. Since by definition the qualitative attributes are harder to quantify, the levels of these attributes are shown using a label, comparable to the European Union A-F energy label system commonly used to display energy efficiency of consumer products like refrigerators, washing machines and cars. Where A means very high quality and F means very low quality on the dimension concerned. The labels allow participants of the experiment to interpret the levels of the attributes in a quick and intuitive way 1 The following attributes are used in the experiment: .
-Travel time: estimated travel time when there are no delays.
-Estimated delay: predicted extra travel time due to traffic congestion.
-Trip costs: costs defined as sum of fuel costs and a possible road price.
-Comfort: degree of comfort determined by the number of stops, turns, and intersections on the route and expressed by a quality label (A-F label system).
-Scenery: attractiveness of the landscapes the driver passes through and views along the route, expressed by a quality label (A-F label system).
-Environment and burden: the degree to which the route causes nuisance for local inhabitants as unwanted traffic (A-F label system).
-Safety: degree of safety for the driver determined by presence of intersections, separate lanes, mixed traffic, speed differences and crash barriers (A-F label system).
The levels chosen for the attributes (Table 1) are realistic for local urban trips. Road pricing is not an existing policy in the Netherlands. However, respondents can easily imagine this as it was part of a much debated national policy plan in the Netherlands until recently. Since road pricing conditions tend to vary depending on location, it is not a violation of perceptions of reality that travel time and travel costs are varied independently in the experiment. The qualitative as well as quantitative attributes are clearly explained to participants by means of instruction text to avoid ambiguity in interpretations. For the qualitative attributes only 3 out of 5 levels were varied being labels A, C and E.
<insert Table 1 around here>
The rich information condition mimicked in the experiment means that the expected influence of route advice in the experiment as well as reality when these conditions become common place should be tempered. Since the individual has the information needed to evaluate route alternatives on important attributes (time, costs, etc.), he/she can safely ignore the advice and determine his/her own preference if the advice obtained is supposed to serve the individual's own preference (the navigation system). Thus, we expect a small effect of advice in the condition where it is said to originate from the navigation system. Only in case an individual would use it to save the mental effort of evaluating the alternatives it will influence his or her behavior. Thus, the response to this experimental condition reveals the extent to which individuals are inclined to blindly follow advice. A word of caution is in place here. Since a recommendation is assigned randomly it may occasionally be assigned to alternatives that are underperforming on the shown attributes. When being noticed, poor performance of the advice may lead the individual to disregard it. Also for this reason we expect a weak response to the navigation-advice condition. Note however that we hit here an inherent difficulty of measuring compliance behavior under rich information conditions: if advice correlates strongly with own evaluations, we cannot disentangle the separate influence of advice from preferences and if it does not correlate with preferences it might be disregarded because it is of low quality. In case of this experiment, we can analyze the separate effect of advice but at the expense of controlling for the latter, quality aspect.
The situation is different when the advice originates from traffic management. In that case, the advice provides information about consequences of choices for traffic conditions on the road network. This will have an influence on choice behavior to the extent that the individual is concerned with system consequences of his/her behavior. Thus, by including this condition we can test the extent to which drivers are sensitive to environmental objectives.
Context variables
Characteristics of the trip, such as trip purpose, time constraints and accompanying persons, can have an influence on the perceived utilities of the different attributes. In the experiment, the following four trip settings are varied as context variables:
-Work -fixed work start time: direct trip from home to the work address. There is some pressure of time in this situation, as the arrival time (work starting time) is fixed, but the departure time is flexible. The trip is part of a daily routine and is made by the driver alone -there are no other passengers in the car.
-Work -flexible work start time: similar as the previous trip, but now the arrival time (work start time) is flexible. This leads to less time pressure.
-Visit family or friends: this trip is supposed to be made with about four persons (family or friends) in the car, to visit other family or friends at their home in another city for one day as a daytrip. An arrival time is agreed, but this is not very strict.
-Shopping: the purpose of this trip is to go shopping in a city for one afternoon for fun (recreational shopping). It's done on a free day, and there is not much time pressure. The trip is supposed to be made with two or three people in the car.
Experimental design
Choice alternatives are constructed based on a factorial design that allows estimating the main effects of the involved attributes. Because possible interaction effects are left out of consideration, an orthogonal fraction of 18 profiles of a full factorial design suffices to estimate the main effects. The design allows us to estimate main effects of attributes. Possible interaction effects, such as for example an interaction between travel-time and comfort outcomes of routes cannot be estimated based on this design, but are neither critical for the behavior we want to analyze. Each choice-set presented to respondents includes two route alternatives. To compose the choice-sets, route profiles are randomly selected from the set of 18 profiles. Furthermore, a context setting (trip setting) is randomly selected for each choiceset generated. Finally, each respondent is randomly assigned to one of the 5 distinguished route-advice conditions. Figure 1 shows an example of how choice sets are presented to the respondents. The two route alternatives are presented on a map. Above the map the trip setting (context) is described, and for the group of respondents who receive advice, also an advice for one of the two route options is shown. The map gives a schematic view of the two route options (A and B) in line with the specific attributes of the routes. Attribute levels are represented verbally on the left and right panes of the picture.
Presentation of choice alternatives
<insert Figure 1 around here>
SAMPLE AND ADMINISTRATION
The experiments are presented to the respondents using an on-line questionnaire. This way of data collection is chosen over a paper and pencil questionnaire, because it makes it possible to reach many respondents in an efficient way. The survey was conducted in the Netherlands.
Because a large portion of Dutch citizens, and possibly even a larger portion of the car drivers, have currently the availability of internet it is possible to sample from a quite general population. The target population includes all car drivers that may or may not use an in-car navigation system. Respondents were recruited by delivering invitations to fill out the questionnaire on internet door-by-door in neighborhoods of Nijmegen and Malden -a middle-sized city and a local town in The Netherlands respectively. An additional number of 330 people who participated in an earlier survey were approached by email with a link to the website of the questionnaire. In total, the website with the questionnaire is visited 262 times between 8 th of June and 22 nd of July 2010. Of these visitors, 246 have completed the first page with personal questions (6 of them had no driver's license for a car and could therefore not continue), whereas the second page with questions about personal travel behavior is filled out 236 times. A total of 209 respondents completed the entire questionnaire and are used in the analysis here. Respondents were randomly assigned to one of the five advice conditions. The groups are of equal size except that the no-advise group was intentionally larger (77 persons).
The first section of the questionnaire is designed to collect background information about socio-demographics, work status, travel behavior and use of travel information systems. Participants who answer to have no driver's license for a car do not further proceed. The main part of the questionnaire is the stated choice experiment. After an explanation of the task, each participant is presented a random set of ten choice sets. In every choice set, the respondent is asked to choose one of the two route options that best reflects his or her preferences. The choice experiment is followed by a subexperiment that is included to identify individuals' perceptions of the used quality labels as a function of observable route characteristics (not further detailed here).
RESULTS

Sample characteristics
The sample shows a small overrepresentation of male respondents: 57% of the respondents are male and 43% female. All age classes are well represented, although the number of participants of 65 years of age and older is relatively small. In terms of work status, 78% of the respondents indicate that their main daily activity is paid work (56% full-time, 22% parttime). About 80 percent of the participants state that there is (almost) always a car available for them. For less than two percent of the respondents a car is never available. The total distance travelled by car as driver or passenger per year is for only 14 percent of the respondents less than 5000 kilometers. Most respondents have (almost) always (39 %) or (almost) never (33 %) an in-car navigation system available for car trips. The trip purpose with the highest proportion of navigation system usage is on holiday. Also on business trips the use of navigation systems is quite high, whereas the number of people that use the navigation device "sometimes" is high on trips for visits and drop off/pick up a person.
Estimation results
A panel Mixed Multinomial
Logit model is used to analyze the stated choice data using the software Biogeme 2.0 (18). For the travel-time attribute, the difference in time between the two route alternatives (in every choice situation) is considered more relevant than the absolute travel time. For this reason, the travel time is recoded into a new variable that represents a difference with the shortest route (least travel time route). As a result, the possible levels of the relative travel time is "shortest" (shorter or same time as the other route 9 in this choice situation), "+5 minutes" (travel time 5 minutes more than the other route option) or +10 minutes. The other attributes can be interpreted independently of the other route option and therefore there is no advantage in recoding them. Effect coding was used for all attributes to estimate effects of attribute levels relative to an average. Consistently, the middle level was chosen as base.
In addition to main effects, interactions between the context variable (a 4 level variable) and all attribute variables were tested. Only the interaction effects that were significant were included in the final specification of the model. To account for possible unobserved taste heterogeneity, distributions were estimated for attribute parameters assuming a normal form of the distribution. Presence of unobserved taste heterogeneity was tested in an initial phase. This involved estimating a standard deviation for one attribute (main effect) at a time. Only for those attributes where the standard deviation was significant random parameters were assumed in the final estimation of the model. The number of draws was set to 1000. Errors were drawn from a normal distribution using a pseudo-random number generator in Biogeme. To analyze the influence of advice, a scale parameter was estimated for each group that received route advice of some type. The scale parameter represents the scale of attribute utility effects relative to the group that did not receive advice. As explained before, we test for each advice group whether the scale is smaller than one (there is an influence of advice). We emphasize that the scale parameter in the context of a logit model effectively represents the concept that we intend to measure. In a logit model, the scale parameter represents the scale of the systematic utility relative to the scale of error variance. In the context of our experiment, an increase of error can indeed be attributed as an effect of advice: the recommendation of an alternative is completely random, so that following advice means that the resulting choices are random. Hence, a decrease of the scale parameter between a group that received advice and the group that did not receive advice can be interpreted here as compliance to advice to the degree of the decrease. Table 2 shows the estimation results of the model. A rho-square (adjusted) of 0.249 indicates a satisfactory goodness-of-fit of the model. All attribute main effects are significant and have signs as expected. Since effect coding is used the beta parameters add up to unity across the levels of an attribute. On this basis, the beta parameter of the middle category, which was used as base level, for each attribute can be calculated given estimates of beta's for the other levels. The table shows the estimated as well as the calculated values (the latter have no p-value associated to them).
<insert Table 2 around here> Travel time of the trip (travel time and delay attributes) and costs are the most important attributes in the route choice, as could be expected. As for the remaining attributes, the importance of safety is relatively high. Particularly, the negative utility of an unsafe route (level E) is very high. The scenery of the routes is the least important attribute for route choice. The burden the trip imposes on the environment also has a significant influence on utility of a route. Figure 2 shows the main effects graphically. Several context variables are significant else well. When the trip purpose is social visit or shopping the influence of travel time difference on route choice is considerably smaller than when the purpose is work. For social-visit trips the importance of comfort is higher. The estimates of standard deviations indicate that unobserved taste heterogeneity is significant only at the level of costs and environmental burden.
<insert Figure 2 around here> The estimates of the scale parameters indicate low degrees of compliance with route advice in general. Interestingly, there is only a significant impact of personalized advice provided by traffic management, i.e. advice that serves the goals of traffic management and at the same time takes personal preferences of the driver into account. A scale parameter of 0.57 indicates that, under that condition, the suppression of utility differences in terms of the attributes is substantial but at the same time far from complete: being the advised route has a relative weight of 0.43 in the overall evaluation of a route. All other types of advice have no significant impacts on the route choice. This finding is contrary to our hypotheses. That is to say, as a tendency, we do see, in line with expectations, that personalized advice has a higher impact than non-personalized advice. However, the expectation in terms of agency is contrary to what we expected: individuals are inclined to comply more strongly with advice when the purpose is traffic management than when it is supposed to be focused on the individual objectives of the driver. This can be attributed to the rich information condition: when individuals receive extensive information about the outcomes of route alternatives they discard advice. Thus, the result indicates that travelers are not inclined to follow advice blindly, at least not when a strong correlation with own preferences is absent.
The scale parameter represents an overall suppression effect of advice on utility differences between route alternatives. In theory, advice could have differential impacts in the sense that it influences utility evaluations regarding specific route attributes. To test such a differential impact, we conducted a further analysis where we estimated interaction effects between advice condition and attributes of route alternatives in a model without scale parameters. Results are shown in Table 3 (only significant interactions are shown).
<insert Table 3 around here> In this model specification, the scale parameters are replaced by specific parameters for the interaction between group and attributes. The adjusted rho-square of this model is 0,245 (compared to 0.249 for the previous specification). Only traffic managementpersonalized advice has significant interaction effects with attributes (the only exception is that there is also a significant effect of a non-personalized form of traffic management advice, namely on Environment). This is in line with the earlier finding that only this advice condition has an impact on the scale of utilities. The first attribute with a different evaluation in this group compared to the no-advice group is travel time. For this group, the negative utility for the alternative with the longest travel time is considerably higher than for the participants getting no advice. On the other hand, the negative utility for the alternative with the longest delay is considerably lower for this group. A possible explanation for this is that drivers receiving personal advice from traffic management assume that the delay has been considered by the agency and is therefore easier to accept. Another attribute that shows a significant interaction is comfort of the route. Drivers receiving personalized advice from traffic management assign lower importance to comfort of the route. At the same time, the importance of "environment and burden" is higher for the group getting this kind of advice. A possible explanation is that drivers want to compensate for the fact that this advice type ignores environmental impacts by raising their own utility for this attribute. In sum, these findings indicate that there is a differential impact of advice on attribute evaluations in addition to a general scale effect. Some attributes become even more important compared to the group that does not receive advice.
Discussion
Our hypotheses are only partly confirmed: advice that is said to be personalized has a larger impact than advice that is supposed to be non-personalized (expected), but advice from traffic management has a bigger impact than advice from a navigation system that is supposed to advice what is best for the individual (unexpected). As said, a likely explanation for this finding is that, in the experiment, advice is given under rich information conditions. Since individuals received information on a number of attributes that are relevant to them, they could determine their own preferences to a large extent. Under that condition, advice from traffic management is complementary, whereas advice from an individual perspective is redundant or overruled. We emphasize that this assumption of rich information (or rich knowledge) is not an unrealistic feature of the experiment. Available travel information systems increasingly create such conditions in a pre-trip (route planners) or en-route stage (navigation systems). At the same time, it is representative for drivers that do not use the systems but have extensive routing knowledge for the trip. However, an unrealistic feature of the experiment on this level is that advice does not correlate with shown performance of routes (since it is random) and, hence, individuals could have discarded the advice when learned that its quality is poor. On the other hand, the results suggest that compliance with advice from traffic management under rich information conditions is far from perfect. In a substantial proportion of cases drivers overrule advice and follow the route of their own preference. Interestingly, advice does not have a uniform effect on how drivers evaluate attributes. On the one hand, they are willing to accept lower preference levels related to delays and comfort, but, on the other hand, travel time and environmental impact become more salient in their evaluations. Thus, the results suggest that advice does not merely suppress but also change the way drivers evaluate route alternatives. This might be due to compensation for biases they assign to the agency providing the advice. A significant effect of Environment and burden indicates that drivers are willing to take into account social objectives in their route choice.
CONCLUSIONS AND DISCUSSION
In this study we described the results of a stated choice experiment conducted to investigate drivers' compliance with route advice and willingness to take into account social objectives in route choice. The experiment involved a representative sample of car drivers from the Netherlands. We investigated compliance for different types of advice in terms of the goal of the agency providing the advice (traffic management or personal objectives) and extent to which it uses information of specific preferences of the person (personalized or generic advice). In the experiment, respondents obtained information about a number of attributes of route alternatives in each choice task presented mimicking a situation where the driver uses an advanced travel information system. The information system also provided information about possible negative environmental impacts (social objective).
The findings suggest that drivers' propensity to comply with advice is far from complete. Drivers take into account the objectives of the agency providing the advice and the extent to which personal preferences are incorporated. Under rich information conditions, advice focused on a person's own individual objectives is overruled. Drivers are willing to follow advice from traffic management and to trade-off social objectives with individuallevel objectives to some extent. This indicates that we may expect an influence of travel information systems that provide feedback on impacts on the environment of trips. Compliance with advice from traffic management is not unconditional. Drivers are willing to accept advice only if they know that also personal objectives are taken into account. This is a clear message for the design of distributed-advice systems: compliance is limited and an important condition for acceptance is that personal interests are taken into account as well. Furthermore, our findings suggest that advice has a differential impact on how attributes of alternatives are evaluated.
These findings are informative for design of travel information systems and assessment of system consequences of these systems. However, further research is needed. First, we did not consider possible effects of socio-demographic variables (such as gender and age) on behavior. In future research, the analysis should be extended to also include socio-demographic variables and possibly other personal background variables as independent variables. Second, it is interesting to analyze the effect of learning across repeated choices of an individual. Third, the present experiment assumed rich information conditions. It would be interesting to vary this aspect in future experiments and analyze individuals' preferences for information/advice condition simultaneously with their choice behavior. When individuals have a choice between receiving recommendations (advice) or information (attributes) they may trade-off cognitive costs of evaluation (information) against a risk of following suboptimal advice. Furthermore, the interactions between advice and information, which we found in the present study, raise questions that need to be investigated further. *not significant at a 5% alpha level 
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